1. Introduction {#sec1-ijms-20-04726}
===============

Plants can be attacked by many organisms, including oomycetes, fungi, and bacteria. They have therefore evolved sophisticated immune systems to protect themselves from invading pathogens, one example of which is the perception of pathogen-associated molecular patterns (PAMPs) via transmembrane pattern-recognition receptors (PRRs). PAMPs have been defined as highly conserved molecules with an important role in the fitness and survival of microbes \[[@B1-ijms-20-04726]\]. Recognition of PAMPs results in activation of PAMP-triggered immunity (PTI), which initiates the induction of immune responses, like the production of reactive oxygen species (ROS), activation of mitogen-activated protein kinase (MAPK) cascades, and transcriptional induction of defense-related genes \[[@B2-ijms-20-04726],[@B3-ijms-20-04726]\]. However, successful pathogens secrete effectors into the plant cell and thereby suppress PTI. This process is called effector-triggered susceptibility (ETS). To counteract this, some plants have also evolved resistance proteins (R proteins) that recognize effectors inside the cell, which results in the initiation of a second level of defense called effector-triggered immunity (ETI) \[[@B4-ijms-20-04726]\]. ETI is associated with a strong immune response, such as programmed cell death at the site of infection, the hypersensitive response (HR), that reduces further spread of the pathogen \[[@B5-ijms-20-04726]\].

PTI and ETI can involve similar defense responses, which include for example activation of kinases and defense gene induction. The difference between PTI and ETI is not clear, and these immune reactions can be considered as a continuum of signaling mechanisms \[[@B6-ijms-20-04726]\]. For example, in a recent study, Leibman-Markus et al. \[[@B7-ijms-20-04726]\] reported a nucleotide-binding leucine-rich repeat receptor (an R like protein), SlNRC4a, to be directly associated with PRRs, which enhances PTI signaling in the absence of effectors.

Although many studies have investigated pathogen-induced changes in transcriptional patterns, there is a lack of information regarding proteomic changes during immune reactions, especially in major crop plants. Since genomic and transcriptomic studies provide no direct information on protein abundance, location, and post-transcriptional alterations, quantitative proteomic analyses are important for our understanding of cellular processes connected to plant defense responses. Protein methylation has only been described in plant immunity with regards to *Arabidopsis thaliana* histone H3, and in this study, a methyltransferase activity was necessary for fully functional immune reactions \[[@B8-ijms-20-04726]\].

Potato late blight is one of the most devastating diseases in potatoes all over the world, and is caused by the oomycete *Phytophthora infestans* \[[@B9-ijms-20-04726]\]. In order to combat late blight disease, there is a need for a detailed understanding of the defense responses to *P. infestans*, including how to combine resistance sources to achieve a sustainable solution. Two studied effectors of *P. infestans*, IpiO and Avr2, both induce HR formation upon recognition by their corresponding plant resistance proteins, the Blb1 and R2 family proteins, respectively \[[@B10-ijms-20-04726],[@B11-ijms-20-04726],[@B12-ijms-20-04726]\]. Avr2 has been shown to associate with a putative phosphatase, BSU-like protein 1 (BSL1), and change brassinosteroid-associated signal transduction \[[@B13-ijms-20-04726]\]. R2 perception of Avr2 is dependent on BSL1 \[[@B14-ijms-20-04726]\]. Both these ETI reactions involve GTP binding and G-protein signaling, as was shown in our earlier proteomics study on one membrane-associated protein fraction \[[@B15-ijms-20-04726]\]. From this proteomics data regarding downstream signaling before the onset of HR, we hypothesize that there are specific changes in protein abundance between different ETIs, similar to the difference between PTI and ETI.

This study aimed to achieve a better understanding of different plant immunity reactions by performing a quantitative proteomics analysis of PTI and two different ETIs (Blb1 and R2) in a protein fraction from a subsequent fractionation of the earlier studied potato immune proteins \[[@B15-ijms-20-04726]\]. We used our established immunity-inducing and protein fractionation systems \[[@B15-ijms-20-04726]\] to quantitatively analyze protein changes and methylation across these different immune reactions.

2. Results and Discussion {#sec2-ijms-20-04726}
=========================

2.1. General Characteristics of the Protein Dataset {#sec2dot1-ijms-20-04726}
---------------------------------------------------

In this proteome analysis, 869 proteins were identified and quantified, 243 of which changed in abundance compared to control (*p* \< 0.01, [supplementary material 1](#app1-ijms-20-04726){ref-type="app"}, including GO terms) in at least one of the immune reactions (PTI, ETI-Avir2 or ETI-IpiO). Approximately a third of the quantified proteins displayed the same type of change in all three immune reactions ([Figure 1](#ijms-20-04726-f001){ref-type="fig"}). Another third changed in abundance in both ETI interactions, but not in PTI. The remaining proteins were distributed among the other combinations of conditions, as shown in [Figure 1](#ijms-20-04726-f001){ref-type="fig"} and [Table 1](#ijms-20-04726-t001){ref-type="table"}, [Table 2](#ijms-20-04726-t002){ref-type="table"}, [Table 3](#ijms-20-04726-t003){ref-type="table"} and [Table 4](#ijms-20-04726-t004){ref-type="table"}. In the PTI interaction, we detected an increase in the abundance of 54 proteins, as well as a decrease of 53. As for the ETI response, a total of 39 proteins showed an increased abundance in both ETI-Avr2 and ETI-IpiO interactions ([Figure 1](#ijms-20-04726-f001){ref-type="fig"}). Although protein abundance in the two ETI interactions overlapped, we were able to identify an increase in the abundance of 10 and 13 proteins, and a decrease in abundance of 16 and 24 proteins, that were specific to the ETI-IpiO and ETI-Avr2 respectively ([Figure 1](#ijms-20-04726-f001){ref-type="fig"}). Finally, we also analyzed protein methylation in our dataset, since we found a histone demethylase with decreased abundance in PTI, as well as several histones with decreased abundance in one of the ETI conditions. The overall overlap between the proteins identified in this study and in Burra et al. \[[@B15-ijms-20-04726]\], which describes a different protein fraction of the same biological set up, is limited. In this study, we found 243 proteins that changed in abundance. In the previous study by Burra et al. \[[@B15-ijms-20-04726]\], 183 proteins were found to change in abundance. The overlap between these two sets of proteins is only 22 proteins, indicating that indeed the different fractions contain different proteins.

2.2. Proteins with Increased Abundance in the PTI Interaction {#sec2dot2-ijms-20-04726}
-------------------------------------------------------------

Fifty-four proteins were found to be increased in the PTI response ([Table 1](#ijms-20-04726-t001){ref-type="table"}). Proteins with a sequence similarity to a number of these have previously been shown to be important for PTI or to display an increase in abundance to PAMPs or other elicitors, which indicates that our system is a useful model of potato immune responses.

As one example, we identified a MAR-binding protein (PGSC0003DMP400010835) which was found to be increased in the PTI reaction, specifically. In tomatoes \[[@B16-ijms-20-04726]\], a homologous protein was shown to be induced in response to COS-OGA elicitor treatment. Another protein that increased specifically in PTI and not in ETI interactions was annotated as DUF26 domain-containing protein 1 (PGSC0003DMP400063324). A previous report has shown that a DUF26 domain-containing protein, HvCRK1, is involved in regulating basal resistance but not R-gene dependent programmed cell death in barley \[[@B17-ijms-20-04726]\]. In a recent study, the same protein was found to be increased in abundance when potato plants were challenged with intact *P. infestans* \[[@B18-ijms-20-04726]\].

A metabolic protein that increased was Glyoxysomal fatty acid beta-oxidation multifunctional protein (PGSC0003DMP400008192). In previous studies, it has been shown that in *Arabidopsis*, a mutant lacking glyoxysomal fatty acid beta-oxidation resulted in a reduction of jasmonic acid (JA) accumulation \[[@B19-ijms-20-04726]\], indicating that an increase of this protein might contribute to a generation of signaling molecules needed for the PTI response. Moreover, the identical protein was also found to be increased in abundance when potato leaves were inoculated with *P. infestans* \[[@B18-ijms-20-04726]\]. Another protein that was upregulated in all three interactions was a germin (PGSC0003DMP400031837). Germin-like proteins (GLPs) belong to the functionally diverse cupin superfamily. There is substantial evidence of the involvement of germins and GLPs in general plant defense responses \[[@B20-ijms-20-04726],[@B21-ijms-20-04726]\]. Additionally, transcripts and protein of a close homolog of this germin in *Nicotiana benthamiana* were also found to be increased in abundance after infiltration with disarmed *Agrobacterium tumefaciens* \[[@B22-ijms-20-04726]\].

The protein annotated as UPF0497 (PGSC0003DMP400046973) was also found to increase. UPF0497 is a membrane protein commonly known as CASP (Casparian strip membrane domain proteins)-like protein, which is involved in cell wall strengthening \[[@B23-ijms-20-04726]\]. A previous report has shown that UPF0497 has a higher transcript abundance when Castanea root is challenged with *Phytophthora cinnamomi* \[[@B24-ijms-20-04726]\], which aligns our findings with previous studies and indicates its possible involvement in plant immunity.

Sterol carrier protein 2 (SCP-2) (PGSC0003DMP400014027) showed an increase in abundance, which is interesting since *Phytophthora* species are auxotrophs for sterols, as they lack the ability to produce oxidosqualene \[[@B25-ijms-20-04726]\]. Therefore, it is tempting to speculate that the lower availability of sterols caused by the changed abundance of SCPs is part of immunity.

Moreover, we identified a protease inhibitor-related protein (C6F3B7) and a protease nucellin (PGSC0003DMP400025801) displaying increased abundance. Both protease inhibitors and proteases are known to be involved in PTI responses \[[@B26-ijms-20-04726]\]. Furthermore, two DnaJ chaperone-related proteins (Q2XTC7 and Q6EIX7) were found to be present in higher abundance. The closest homolog to DnaJ-like protein (Q2XTC7) in *N. benthamiana* has earlier shown higher protein abundance upon agroinfiltration \[[@B22-ijms-20-04726]\].

2.3. Proteins with Decreased Abundance in the PTI Interaction {#sec2dot3-ijms-20-04726}
-------------------------------------------------------------

Fifty-three proteins were found to be decreased in our proteomics analysis of the PTI interaction ([Table 2](#ijms-20-04726-t002){ref-type="table"}).

Interestingly, a lysine-specific histone demethylase (PGSC0003DMP400006728) was found to decrease in abundance in the PTI interaction. Lysine demethylases catalyze the demethylation of methylated histones, which in turn can change the degree of DNA condensation and consequently, gene activity \[[@B27-ijms-20-04726]\]. The decreased abundance of histone demethylases in PTI might indicate that increased methylation of histones is a mechanism of immunity and prompted us to further investigate methylation in our dataset.

Two proteins annotated as leucine-rich repeat (LRR) family proteins (PGSC0003DMP400011041, PGSC0003DMP400002269) were found at lower abundance in PTI only. LRR domains are found in many different types of proteins, and these proteins are involved in a variety of biological processes, including R gene immunity \[[@B28-ijms-20-04726],[@B29-ijms-20-04726]\]. LRR domains provide a structural framework for the formation of protein-protein interactions. However, R-proteins generally also contain a nucleotide-binding domain and an NBS domain, and these two potato LRR proteins do not.

The cell wall-related protein xyloglucan endotransglucosylase (Q9FZ05) was found to decrease in PTI and both ETI reactions. β-aminobutyric acid (BABA) is known to induce resistance in potatoes against *P. infestans*, and Q9FZ05 has been shown to decrease when potato leaves are treated with 10 mM BABA \[[@B30-ijms-20-04726]\]. This indicates that decreased levels of specific xyloglucan endotransglucosylases may be part of the defense against pathogens. Other cell wall-related proteins include pectinesterases (PMEs) that catalyze the removal of methyl groups from pectin, leading to loosening of the cell wall. PMEs make pectin more susceptible to microbial enzymes \[[@B31-ijms-20-04726]\], and pectin esterification is correlated with resistance against *Pectobacterium carotovorum* in potato \[[@B32-ijms-20-04726],[@B33-ijms-20-04726]\]. In the present study, pectinesterase (Q9LEB0) was shown to decrease in abundance during all three immune reactions.

Kunitz trypsin inhibitors are known to be involved in plant immunity, and to influence programmed cell death in *A. thaliana* \[[@B34-ijms-20-04726]\]. In our study, a protein annotated as Kunitz-type protease inhibitor (PGSC0003DMP400016825) decreased in abundance in the PTI and ETI-Avr2 interactions. In a previous RNA study, a close homolog of this Kunitz-type protease inhibitor in *N. benthamiana* was also decreased in abundance upon infiltration with *A. tumefaciens* \[[@B22-ijms-20-04726]\]. We also identified a protease, xylem serine proteinase 1 (PGSC0003DMP400012806) that decreased in abundance in PTI and both ETIs. We performed quantitative RT-PCR with primers directed to xylem serine proteinase 1 as a validation experiment for expression of this gene and confirmed that the transcript also decreased in abundance. The average fold change in expression in the PTI and ETI plants, as compared to control plants infiltrated with media, was 0.27 for PTI, 0.18 for ETI-IpiO, and 0.16 for ETI-Avr2, *p* = 0.015. Furthermore, xylem serine proteinase 1 was found to decrease in abundance in a recent study by Xiao et al. \[[@B18-ijms-20-04726]\], where they inoculated potatoes with *P. infestans.* A possible explanation of the decrease in abundance of Kunitz-type protease inhibitor and xylem serine proteinase 1 could be that they are part of fine-tuning the immunity or HR processes, which require some negative regulators \[[@B35-ijms-20-04726]\].

2.4. Proteins with Increased Abundance in ETI Interactions {#sec2dot4-ijms-20-04726}
----------------------------------------------------------

Thirty-nine proteins increased in abundance in response to both ETI-Avr2 and ETI-IpiO interactions, but not in PTI ([Figure 1](#ijms-20-04726-f001){ref-type="fig"}, [Table 3](#ijms-20-04726-t003){ref-type="table"}). Despite the significant overlap between proteins regulated by the two ETI interactions, we have identified 10 and 13 proteins that specifically increased in ETI-IpiO and ETI-Avr2, respectively ([Figure 1](#ijms-20-04726-f001){ref-type="fig"}). Among them, a putative multiprotein bridging factor (A0MWB6), with a DNA binding domain, was explicitly increased in the ETI-IpiO interaction. Similar proteins have been hypothesized to link ROS signaling, lipid metabolism, and pathogen defense \[[@B36-ijms-20-04726]\]. In line with this, a family of catalase proteins (PGSC0003DMP400002845, Q6RFS8, and Q2PYW5) were found to increase in the ETI interactions. Catalase (CAT) is an iron porphyrin enzyme, which serves as a scavenger of reactive oxygen species (ROS) \[[@B37-ijms-20-04726]\], and CAT related genes have been found to be regulated by biotic and abiotic stresses \[[@B38-ijms-20-04726]\]. For example, the closest homolog in sugarcane, ScCAT2, was found to play a positive role in immune responses during plant--pathogen interactions \[[@B39-ijms-20-04726]\]. The increase of CAT proteins, together with the putative multiprotein bridging factor, makes it tempting to speculate that ROS tolerance mechanisms are activated during ETI interaction. A protein involved in lipid transport, P-rich protein EIG-I30 (PGSC0003DMP400024366), was found to have increased abundance in ETI interactions. Previously, a closely related protein from the same family was shown to increase after BABA treatment of potato leaves \[[@B30-ijms-20-04726]\]. The increase of P-rich protein EIG-I30 in the present study suggests its association with the defense-related response in ETI interactions of potato.

Our analysis of the proteins specifically increased in ETI interactions revealed the presence of proteins with RNA binding activity, such as mRNA binding protein (PGSC0003DMP400022826), heterogeneous nuclear ribonucleoprotein 27C (PGSC0003DMP400029964), and an ATP-dependent RNA helicase 8 (Q8RXK6). There is increasing evidence demonstrating a role for RNA-related proteins in regulating plant immunity \[[@B40-ijms-20-04726]\]. Relating to the ATP-dependent RNA helicase 8 (Q8RXK6) that was specifically increased in ETI-Avr2, overexpression of the closest rice homolog OsBIRH1 in *Arabidopsis* resulted in plants with enhanced resistance against *Alternaria brassicicola* and *Pseudomonas syringae* pv. tomato DC3000 \[[@B41-ijms-20-04726]\].

Another protein with increased abundance was carbonic anhydrase (Q5NE20). In a previous study, silencing of its closest homolog in *N. benthamiana* increased susceptibility to *P. infestans* \[[@B42-ijms-20-04726]\]. Finally, heat shock protein 70 (PGSC0003DMP400015694) was found to increase in the ETI-Avr2 interaction. This type of protein has also been reported to interact with R-gene encoded proteins \[[@B43-ijms-20-04726]\], which is in accordance with its increased abundance in the ETI interaction. Knowledge about these kinds of associations in major host plants such as potato is important since for example HSP70 is a large gene family and it is, therefore, challenging to know the exact target in new breeding and biotechnology.

2.5. Proteins with Decreased Abundance in the ETI Interaction {#sec2dot5-ijms-20-04726}
-------------------------------------------------------------

Seventy-three proteins decreased in at least one of the ETI conditions, but not in PTI ([Table 4](#ijms-20-04726-t004){ref-type="table"}). An endoglucanase (Q42871) displayed decreased abundance in both ETI interactions. Its closest homolog in tomatoes, Cel1, has been found to decrease upon fungal infection, indicating a possible role in plant-pathogen interactions in solanum \[[@B44-ijms-20-04726]\]. In another study, Flors et al. \[[@B45-ijms-20-04726]\] found that when the endo-beta-1,4-glucanases Cel1 and Cel2 were lacking, susceptibility to Botrytis cinerea in tomatoes was decreased. Both of these findings indicate that decreased abundance of the Q42871 endoglucanase can be part of a successful immune response in potatoes.

The metabolic enzyme ferredoxin-dependent glutamate synthase 1 (PGSC0003DMP400017124) displayed decreased abundance in ETI. As a validation experiment for this gene, quantitative RT-PCR with primers directed to ferredoxin-dependent glutamate synthase 1 also revealed decreased transcript levels. The average fold change of expression in the PTI and ETI plants, as compared to control plants infiltrated with media, was 0.42 for PTI, 0.35 for ETI-IpiO, and 0.07 for ETI-Avr2, *p* = 0.009. It is likely that this decrease reflects a changed need for active amino acid metabolism during immunity \[[@B46-ijms-20-04726]\].

We found some proteases, subtilases, and PR proteins to be decreased in ETI reactions. They belonged to protein families that have members that previously have been reported to increase in different types of immunity. Two possible explanations are that these specific family member proteins may have translocated to a different subcellular compartment, where they will be active during the immune response, or that these family members have a negative role. It is known that the subtilisin type protease AtSBT5.2 gene can produce two alternative proteins, a secreted protease AtSBT5.2 (a) and an intracellular AtSBT5.2 (b) protein. This latter form of the protein interferes with a defense gene-inducing transcription factor, leading to suppression of HR and impaired resistance \[[@B47-ijms-20-04726]\].

A protein annotated as aspartic proteinase nepenthesin-1 (PGSC0003DMP400032897) displayed decreased abundance during the ETI-IpiO interaction only. In another proteomics study, its closest homolog in black pepper also showed decreased abundance when challenged with *Phytophthora capsici* \[[@B48-ijms-20-04726]\]. These findings suggest that decreased abundance of an aspartic proteinase is possibly involved in plant defense mechanisms. Furthermore, we have identified a Lysyl-tRNA synthetase (PGSC0003DMP400046710) and a eukaryotic translation initiation factor (PGSC0003DMP400013944) which decreased in abundance during the ETI-IpiO condition.

In the ETI-Avr2 interaction, 24 proteins displayed decreased abundance specifically. Among them, four histones decreased: histone H1, histone H2A.1, histone H2A, and histone H1F. It is interesting that all histones identified in this study display a distinct change in abundance in only one type of immune response. One possible explanation is that these histones may have undergone post-translational modifications that have changed their affinity for chromatin, making them less likely to be isolated by our sample preparation procedure. Histones undergo a large number of post-translational modifications, such as methylation and acetylation. These modifications can affect the degree of chromatin relaxation, and thus may change how histones bind to chromatin.

2.6. Protein Methylation {#sec2dot6-ijms-20-04726}
------------------------

Protein methylation on lysine and arginine residues is a tightly controlled process that contributes to the regulation of protein function in several different ways. Lysine and arginine methylation is catalyzed by methyltransferases and demethylases. One of the most well-characterized biological roles of protein methylation is the effect of methylation of histones. This modification can regulate gene activity, either positively or negatively. We observed both a reduction of lysine-specific histone demethylase in PTI and a specific decrease in abundance of a number of histones in ETI-Avr2. Methylation is known to affect binding to chromatin. Due to this, we decided to investigate protein methylation in our dataset. We identified 40 high confidence methylated peptides from 34 methylated proteins in our samples ([Table 5](#ijms-20-04726-t005){ref-type="table"}, [supplementary material 1](#app1-ijms-20-04726){ref-type="app"}). For example, we identified one histone methylation, on Lys 116 of histone H3 (H3116me). This lysine residue is located in the protein core of the histone, and not in the [n]{.smallcaps}-terminal part where most well-characterized methylations are found \[[@B27-ijms-20-04726]\]. We have not been able to find any publication describing methylation of histone H3 on this site, making this the first observation of this particular methylation site. Notable among the other methylated proteins were histone acetyltransferase, which catalyzes the acylation of histones. This is an important step in chromatin relaxation, leading to increased gene transcription, as well as a number of chloroplast proteins such as rubisco large chain and chlorophyll a-b binding protein, which have previously been shown to be methylated in *Arabidopsis* \[[@B49-ijms-20-04726]\].

We identified other methylated proteins that changed in abundance during immune reactions, including UPF0497 membrane protein (CASP-protein) (PGSC0003DMP400046973) and serine hydroxymethyltransferase (P50433), which both increased in the ETI conditions. The UPF0497 membrane protein has been discussed earlier, and it is possible that the activity of this protein is regulated by methylation, even though we have not found any report of this in the literature. Metabolism and methylation status are linked in several ways in plants \[[@B50-ijms-20-04726]\]. The serine hydroxymethyltransferase catalyzes the methylation of tetrahydrofolate in the folate cycle. This methyl group can be transferred into the methionine cycle, where it is used to produce S-adenosylmethionine (SAM), which is the main methyl donor in protein and DNA methylation reactions, linking serine hydroxymethyltransferase to methylation reactions \[[@B51-ijms-20-04726]\]. The inhibition of the folate cycle has been demonstrated to cause reduced DNA and histone methylation in *Arabidopsis* \[[@B52-ijms-20-04726]\]. Methionine synthetic pathways have also been shown to be upregulated during the plant immune response \[[@B53-ijms-20-04726]\].

3. Materials and Methods {#sec3-ijms-20-04726}
========================

3.1. Plants and Infiltration {#sec3dot1-ijms-20-04726}
----------------------------

The methodology used in this study has been thoroughly described in our previous study by Burra et al. \[[@B15-ijms-20-04726]\]. Three different types of *Solanum tuberosum* cv. Désirée were used in this study, namely the wild type Désirée plants, AO1-22 (Désirée with the Rpi-Blb1 resistance gene) and T16 (Désirée with the R2-type resistance gene) \[[@B54-ijms-20-04726],[@B55-ijms-20-04726],[@B56-ijms-20-04726]\]. Plants were grown in vitro for 2 weeks (MS media with vitamins, 16 h of light, 23 °C day temperature, 18 °C night temperature) followed by 4 weeks in soil (22 °C, 16 h of light), as described in Abreha et al. \[[@B54-ijms-20-04726]\] and Burra et al. \[[@B15-ijms-20-04726]\]. The Agrobacterium AGL1 strains were grown on 10 mL YEB medium supplemented with 1 µL of 200 mM acetosyringone, 100 µL of 1 M MES buffer and antibiotics for 24 h at 28 °C, 200 rpm until an OD600 of 1, as explained in Du et al. \[[@B57-ijms-20-04726]\] and Burra et al. \[[@B15-ijms-20-04726]\]. After this, the bacteria was re-suspended in infiltration media (5 g/L MS salts, 1.95 g/L MES, 20 g/L sucrose, 200 µM acetosyringone, pH 5.6). Infiltration with infiltration media occurred only for the control or bacterial suspension with OD600 = 0.3 and was done on the abaxial surface of the leaflets of four plants per genotype, as described by Burra et al. \[[@B15-ijms-20-04726]\]. The Agrobacterium transformed with either an empty vector into wild type plants (the PTI condition), the IpiO effector gene into AO1-22 plants (the IpiO-Blb1 condition), or the Avr2 effector gene into T16 (the Avr2-R2 condition). The macroscopic cell death phenotype was assessed at 18, 42, and 72 h post infiltration (hpi), and the whole experiment was repeated twice. The plants showed no visible symptoms at 18 hpi, while an even cell death was found in both ETI interactions at 42 and 72 hpi (data not shown, Burra et al. \[[@B15-ijms-20-04726]\]). This study has followed local, national, and international guidelines and legislations, and all required or proper permissions and/or licenses were obtained.

3.2. Protein Fractionation {#sec3dot2-ijms-20-04726}
--------------------------

Eight biological replicates originating from two independent experiments were processed. Each sample consisted of two stabs from two leaflets 18 h post infiltration (hpi), corresponding to 100 mg fresh weight. Each sample was cooled on ice and put in a 1.5 mL Eppendorf tube with sea sand, before processing with a Subcellular Protein Fractionation Kit for Tissues (ThermoFisher Scientific, Waltham, MA, USA, Catalog No. 87790) with minor modifications (see below, and Burra et al. \[[@B15-ijms-20-04726]\]). Briefly, proteins were consecutively extracted in four different buffers included in the kit, and the final supernatants were frozen at −80 °C until further use. Each leaf sample was disrupted using pestle sticks in 1 mL ice-cold cellular extraction buffer (CEB). The sample was then passed through tissue and centrifuged at 500× *g* for 5 min at 4 °C. The 500× *g* CEB pellet was washed and centrifuged once with CEB, and ice-cold membrane extraction buffer (MEB) was added to the washed pellet. The pellet was then vortexed and incubated at 4 °C for 10 min with gentle mixing. After incubation, the solution was centrifuged at 3000× *g* for 5 min. The supernatant was cleared by re-centrifugation at 16,000× *g* for 10 min at 4 °C and the supernatant saved as the membrane fraction, which is the fraction that was analyzed in Burra et al. \[[@B15-ijms-20-04726]\]. The pellet obtained after the 3000× *g* centrifugation was washed once with MEB and centrifuged. To the resulting pellet, ice-cold nuclear extraction buffer (NEB) was added, and the sample was vortexed and incubated for 30 min at 4 °C with gentle mixing. After incubation the supernatant was cleared by re-centrifugation at 16,000× *g* for 10 min at 4 °C and the supernatant was analyzed in this paper.

3.3. Tryptic Digestion and Mass Spectrometry {#sec3dot3-ijms-20-04726}
--------------------------------------------

Proteins were separated on a 14% SDS-PAGE gel. The whole lane was removed and washed, and the proteins were digested using trypsin (Promega Trypsin Gold, Madison, WI, USA, Mass Spectrometry Grade Trypsin Gold, Catalog number: V5280). The digests were desalted by C18-based spin columns (The Nest Group Inc., Southborough, MA, USA) as described in Chawade et al. (2016), and analyzed with the application of an Eksigent nanoLC2D HPLC system with an online LTQ Orbitrap XL ETD \[[@B58-ijms-20-04726]\]. The full procedure is detailed in Burra et al. \[[@B15-ijms-20-04726]\].

3.4. Peptide Data Analysis {#sec3dot4-ijms-20-04726}
--------------------------

The raw data from the Orbitrap was converted to Mascot generic files (mgf) with ProteoWizard \[[@B59-ijms-20-04726]\]. A protein database consisting of solanum proteins from UniProt ([www.uniprot.org](www.uniprot.org)), downloaded 24 August 2011, protein sequences from the Potato Genome Project \[[@B60-ijms-20-04726]\] and the Agrobacterium proteins from UniProt, downloaded 10 March 2015, concatenated with an equal size decoy database (random protein sequences with conserved protein length and amino acid distribution, in total 36,512 target and decoy protein entries), was generated using a modified version of the decoy.pl script from MatrixScience (<http://www.matrixscience.com/help/decoy_help.html>) \[[@B61-ijms-20-04726]\]. The mgf files were used for searches against this database with Mascot version 2.3.01 in the Proteios software environment \[[@B62-ijms-20-04726]\]. Search tolerances were 7 ppm for precursors and 0.5 Da for MS/MS fragments. For the searches used for quantitative analyses, one missed cleavage was allowed, and carbamidomethylation of cysteine residues was used as fixed modification and oxidation of methionines as variable modification. For the identification of methylated proteins, carbamidomethylation of cysteine was used as a fixed modification, while oxidation of methionines, mono-, di-, and trimethylation of lysine and mono-, di-, and trimethylation of arginine were used as variable modifications. Search results were exported from Mascot as XML, including query level results, with a modification to the export script to include protein accession numbers, and also for the query (spectrum) level results. The results were imported to Proteios, where q values were calculated using the target-decoy method described by Käll et al. \[[@B63-ijms-20-04726]\]. The search results were then filtered at a peptide-spectrum match q-value of 0.01 to obtain a false discovery rate of 1% in the filtered list. For quantitative peptide analysis, a label-free approach based on precursor ion intensities was used \[[@B64-ijms-20-04726]\], with all data processing steps performed within Proteios. MS1 peptide feature detection was performed using Dinosaur \[[@B65-ijms-20-04726]\], while the other data processing steps were performed in Proteios, and subsequent feature matching and alignment between LC-MS/MS was run with a previously described workflow \[[@B66-ijms-20-04726]\]. The resulting peptide data were normalized using Loess-G normalization \[[@B67-ijms-20-04726]\] in the Normalyzer software \[[@B68-ijms-20-04726]\]. The normalized data were analyzed using DanteR \[[@B69-ijms-20-04726]\]. For methylated peptides, a separate FDR calculation was performed. The matches against methylated peptides were sorted by order of decreasing Mascot score, and for each peptide the total number of peptides with an equal or higher score was calculated. The methylFDR for a given hit was then calculated by dividing the number of decoy hits by the total number of hits. To produce a final list of methylated peptides, the hits were then filtered at a methylFDR value of \<0.01. To increase the confidence of our final list, we excluded tri- and dimethylated lysines. Trimethylated lysine was excluded since it is isobaric with acetylated lysine. Dimethylated lysine is isobaric with arginine and was excluded since there is a risk that a spectrum from the fragmentation of an arginine-containing peptide may be misidentified as that of a peptide containing dimethylated lysine, if such a peptide is present in a homologous protein also included in the database. We also required that all peptides should be the top hit for their respective spectrum, to decrease the risk of misidentification due to sequence differences that are isobaric with methylation (i.e. I/L to V). In order to be able to differentiate between peptides where the methylation site was determined and peptides that were methylated but the methylation site could not be identified, we adopted the Mascot delta score method \[[@B70-ijms-20-04726]\], with a DS \> 10 regarded as an identified methylation site. The data were deposited in the PRIDE database (PXD012576).

3.5. RNA Extraction and Quantitative RT-PCR {#sec3dot5-ijms-20-04726}
-------------------------------------------

RNA from potato leaf tissue samples was isolated using the Qiagen RNeasy Plant Mini kit, according to the manufacturer's protocol. RNA was quantified using Nanodrop Spectrophotometry ([Table S1, Figure S2](#app1-ijms-20-04726){ref-type="app"}), and 500 ng RNA was used for cDNA synthesis using SuperScript III (Thermofisher, Waltham, MA, USA, Catalog No. 18080051) with oligo dT primers. cDNAs were diluted 10 times with nuclease-free water prior to qPCR analysis in a CFX96 real-time thermal cycler (Bio-Rad). qPCR was performed on four biological and three technical replicates using Platinum SYBR Green qPCR SuperMix kit (Thermofisher, Waltham, MA, USA, Catalog No. 11733038). All qPCR data were analyzed using the Pfaffl-method \[[@B71-ijms-20-04726]\], with expression normalized to the housekeeping gene Ef1α and fold change calculated using primer-pair amplification efficiencies determined from standard curves. A one-way ANOVA and F-test were used to analyze the data. Primers were designed using Primer3 \[[@B72-ijms-20-04726]\], with sequence information from <http://solanaceae.plantbiology.msu.edu>. The primers were the following: for the housekeeping gene Ef1α_F (5' GAACTGTCCCTGTTGGTCGT 3') and Ef1α_R (5' GGGTCATCCTTGGAGTTTGA 3'), for ferredoxin-dependent glutamate synthase 1, P17124_F (5' GGATTGGTTATGCGGCAACT 3') and P17124_R (5' TTTGCGATAAAACCGACCC 3'), and for xylem serine proteinase 1, P12806_F (5' TCCCCTCTTGGCTTCATGT 3'), P12806_R (5' GCTTGATGAGGGGTGAGAA 3'). Primer efficiencies, agarose gel analysis of PCR products, and generated melting curves are shown in [Figure S2](#app1-ijms-20-04726){ref-type="app"}.

4. Conclusions {#sec4-ijms-20-04726}
==============

In this paper, we described an analysis of one PTI and two ETI models in potatoes and compared their resulting changes in protein abundance. In PTI, germin, proteases, and a CASP-like protein increased, all in line with what is expected during the initial stages of immunity. Sterol carrier protein 2 increased in abundance in all three immune reactions, which is interesting since *P. infestans* and other oomycete pathogens rely on the host for sterols. Several proteins with RNA binding activity had higher abundance in ETI, in line with increasing evidence demonstrating a role for RNA-related proteins in regulating plant immunity. In the ETI interactions, several catalase proteins were found to be higher in abundance, which can perhaps be linked to ROS tolerance mechanisms. We showed that four histones decrease in abundance, specifically in the ETI-Avr2 interaction, and that no histones display changes in abundance in the other immune reactions. We also demonstrated the first proteomic analysis of protein methylation in potatoes, including a previously unidentified methylation site on histone H3 and the methylation of serine hydroxymethyltransferase, which increases in the ETI interaction. The serine hydroxymethyltransferase participates in the pathway producing the main methyl donor in methylation reactions.

Data from our earlier proteomics study on one membrane-associated protein fraction \[[@B15-ijms-20-04726]\] indicated that specific protein differences between different ETIs are in a similar range to the differences between PTI and ETI at downstream signaling, before the onset of HR. The current data support the idea that downstream signaling differs between different ETIs to a similar degree as ETI differs from PTI. Our methods and results could be used in future mechanistic-based pre-breeding and prediction of sustainable combinations of resistance genes by, for example, potato single reaction monitoring SRM \[[@B58-ijms-20-04726]\]. Resistance genes are known to be problematic with regards to durability; the pathogen can overcome this type of resistance. Therefore, efforts are being made to combine different sources of resistance \[[@B73-ijms-20-04726]\]. Criteria for selection of combinations of resistance sources are the host range and how broad it is, and a future selection criterion can be using genes or genetic material with different resistance mechanisms. This study lays the foundation for the last criterion and could be used even if the gene is unknown by combining different down-stream mechanisms.
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ijms-20-04726-t001_Table 1

###### 

Proteins with increased abundance from PTI and two ETI interactions, 18 hpi (hours post infiltration). A comparison was made between the immune-treated plants and the control plants infiltrated with medium only. All values are in log2 fold. Non-significant *p* values are indicated by NA. All *p*-values \< 0.01 are shown in the table.

  Protein ID             Protein Name                                                    Degree of Regulation (log2)          
  ---------------------- --------------------------------------------------------------- ----------------------------- ------ ------
  PGSC0003DMP400050772   Conserved gene of unknown function                              4.57                          5.07   4.63
  P00296                 Plastocyanin                                                    4.47                          5.10   4.88
  Q8RXR5                 Polyadenylate-binding protein 2                                 3.20                          3.79   4.20
  PGSC0003DMP400046973   UPF0497 membrane protein                                        3.17                          3.13   3.41
  Q2XTE0                 Chlorophyll a-b binding protein                                 3.07                          4.51   4.81
  PGSC0003DMP400047776   Protein translocase secy subunit                                2.97                          2.80   3.01
  PGSC0003DMP400022300   Chlorophyll binding protein CP24 10B                            2.76                          3.41   3.05
  Q2XTC7                 DnaJ-like protein-like                                          2.75                          2.94   3.13
  P27489                 Chlorophyll a-b binding protein 13                              2.57                          4.21   4.37
  PGSC0003DMP400011243   Sodium/ exchanger                                               2.56                          2.85   2.65
  Q2MI72                 Photosystem II reaction center protein                          2.45                          3.30   3.18
  Q0PWS7                 Chlorophyll a-b binding protein                                 2.22                          3.51   3.67
  P10708                 Chlorophyll a-b binding protein 7                               2.17                          3.28   3.32
  C6F3B7                 Protease inhibitor-related protein                              2.08                          2.46   1.83
  P32764                 Rubisco small chain 3                                           2.04                          2.16   2.33
  P54260                 Aminomethyltransferase                                          1.93                          1.82   1.96
  Q94KR9                 Translation initiation factor IF-1                              1.77                          1.77   1.86
  Q9FFG6                 AT5g05480/MOP10_2                                               1.75                          1.10   1.24
  Q2MI49                 Photosystem I iron-sulfur center                                1.75                          2.26   1.94
  D2K7Z2                 Photosystem I reaction center subunit                           1.75                          2.26   2.11
  Q7YJ37                 Cytochrome b559 subunit alpha                                   1.71                          2.67   2.38
  Q2MI71                 Cytochrome b6                                                   1.67                          1.93   1.85
  PGSC0003DMP400017273   Brg-1 associated factor                                         1.66                          2.11   2.25
  E8ZG61                 Pectinesterase                                                  1.62                          1.22   1.49
  PGSC0003DMP400031837   Germin                                                          1.57                          1.43   1.36
  PGSC0003DMP400033355   Mitochondrial import inner membrane translocase subunit Tim9    1.52                          1.48   1.35
  Q0PWS5                 Chlorophyll a-b binding protein                                 1.48                          1.80   1.52
  PGSC0003DMP400030419   Heteronuclear ribonucleoprotein A1                              1.44                          2.11   2.19
  P12360                 Chlorophyll a-b binding protein 6A                              1.43                          1.76   1.58
  PGSC0003DMP400034002   Rubisco small chain 1                                           1.40                          1.73   1.73
  Q9SL05                 Protein proton gradient regulation 5                            1.36                          1.69   1.31
  P93014                 30S ribosomal protein S5                                        1.33                          1.62   1.38
  Q2VEI0                 Photosystem II CP43 protein                                     1.29                          1.74   1.82
  Q2MI75                 Photosystem II CP47 protein                                     1.24                          1.80   1.93
  PGSC0003DMP400053532   116 kD U5 small nuclear                                         1.15                          1.24   1.48
  PGSC0003DMP400038531   Chloroplast photosystem I, protein V                            1.04                          1.95   1.88
  PGSC0003DMP400014027   Sterol carrier protein 2                                        0.99                          1.19   1.54
  Q2UVD9                 PSII cytochrome b559 8kDa subunit                               0.89                          1.51   1.58
  Q2VEH0                 ATP synthase subunit beta                                       0.51                          0.88   1.10
  Q6EIX7                 Potyviral capsid interacting protein 2b                         2.14                          1.57   NA
  B3F8I0                 Glyceraldehyde-3-phosphate dehydrogenase                        1.56                          1.48   NA
  PGSC0003DMP400043522   Peroxidase 12                                                   1.37                          1.02   NA
  PGSC0003DMP400048828   Splicing factor                                                 1.29                          1.25   NA
  PGSC0003DMP400039723   (S)-2-hydroxy-acid oxidase                                      1.14                          0.96   NA
  P93363                 Tyrosyl-tRNA synthetase                                         1.73                          NA     1.44
  PGSC0003DMP400025801   Nucellin                                                        1.48                          NA     1.48
  PGSC0003DMP400044750   CXE carboxylesterase                                            1.07                          NA     0.87
  Q0WVD8                 Adenylate translocator                                          0.63                          NA     0.52
  E1AXT8                 Glycolate oxidase                                               1.71                          NA     NA
  PGSC0003DMP400000661   Beta-galactosidase                                              1.42                          NA     NA
  PGSC0003DMP400010835   MAR-binding protein                                             1.35                          NA     NA
  PGSC0003DMP400063324   DUF26 domain-containing protein 1                               1.33                          NA     NA
  Q8LK04                 Glyceraldehyde-3-phosphate dehydrogenase                        1.02                          NA     NA
  PGSC0003DMP400008192   Glyoxysomal fatty acid beta-oxidation multifunctional protein   0.75                          NA     NA
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###### 

Proteins with decreased abundance from PTI and ETI interactions, 18 hpi (hours post infiltration). A comparison was made between the immune-treated plants and the control plants infiltrated with medium only. All values are in log2 fold. Non-significant *p* values are indicated by NA. All *p*-values \< 0.01 are shown in the table.

  Protein ID             Protein Name                                   Degree of Regulation (log2)           
  ---------------------- ---------------------------------------------- ----------------------------- ------- -------
  Q38JJ2                 Disulfide-isomerase-like protein               −0.59                         −1.02   −0.71
  Q5M9V4                 ATP synthase subunit alpha                     −0.60                         −0.87   −0.87
  Q0WN54                 Molecular chaperone Hsp40/DnaJ                 −0.64                         −0.82   −0.79
  Q9ZR78                 ATP synthase subunit beta                      −0.66                         −0.91   −0.87
  PGSC0003DMP400042639   Conserved gene of unknown function             −0.72                         −0.96   −0.86
  PGSC0003DMP400050963   Chlorophyll a oxygenase                        −0.76                         −0.77   −0.78
  PGSC0003DMP400053725   Ribonucleoprotein. chloroplast                 −0.78                         −1.05   −0.77
  PGSC0003DMP400053197   ATP synthase subunit beta                      −0.82                         −0.83   −0.97
  PGSC0003DMP400005664   Elongation factor Ts                           −0.84                         −1.61   −1.24
  PGSC0003DMP400010972   Hydroxypyruvate reductase                      −0.84                         −1.03   −0.74
  PGSC0003DMP400054045   Alpha-l-fucosidase                             −0.87                         −0.90   −0.80
  PGSC0003DMP400002234   30S ribosomal protein S1                       −0.89                         −0.94   −0.74
  PGSC0003DMP400008070   Ubiquitin-associated                           −0.93                         −0.84   −0.76
  PGSC0003DMP400001305   Protein disulfide isomerase family             −0.98                         −1.29   −0.86
  Q2XPV6                 Phosphoglycerate kinase                        −1.04                         −0.94   −0.75
  A8MQR4                 60S acidic ribosomal protein P0                −1.05                         −1.10   −0.74
  Q9LEB0                 Pectinesterase                                 −1.05                         −1.04   −1.08
  Q40460                 Ribulose bisphosphate carboxylase              −1.05                         −1.39   −1.41
  PGSC0003DMP400031911   Pre-mRNA splicing factor                       −1.06                         −1.08   −0.89
  C0SUW8                 Eukaryotic translation initiation factor       −1.07                         −0.77   −0.92
  PGSC0003DMP400027836   Alpha-glucosidase                              −1.08                         −1.28   −1.33
  PGSC0003DMP400014012   Annexin                                        −1.19                         −1.25   −1.21
  PGSC0003DMP400012806   Xylem serine proteinase 1                      −1.21                         −1.02   −1.08
  PGSC0003DMP400054512   Cell division inhibitor                        −1.29                         −1.00   −0.95
  PGSC0003DMP400019687   Translation initiation factor IF-3             −1.37                         −1.42   −0.94
  PGSC0003DMP400038185   Transketolase                                  −1.52                         −1.10   −0.77
  Q9FZ05                 Xyloglucan endotransglucosylase                −1.71                         −0.86   −1.18
  Q84V30                 Phosphatidylserine decarboxylase proenzyme 1   −2.00                         −1.58   −1.80
  O81394                 Phosphoglycerate kinase                        −0.62                         −0.59   NA
  Q6J995                 Chloroplast glutamine synthetase               −0.96                         −0.61   NA
  PGSC0003DMP400001471   Multicopper oxidase                            −1.00                         −1.03   NA
  F4JNJ2                 NAD(P)-binding protein                         −1.05                         −0.72   NA
  B0FPD8                 Fructose-bisphosphate aldolase                 −1.16                         −0.89   NA
  P93565                 Fructose-bisphosphate aldolase                 −1.17                         −0.98   NA
  Q5GM68                 Phosphoenolpyruvate carboxylase 2              −1.33                         −0.94   NA
  F4J912                 Ribosomal protein L5                           −0.93                         NA      −0.73
  Q41499                 Spliceosomal protein                           −1.03                         NA      −0.53
  PGSC0003DMP400048033   Heme-binding protein                           −1.14                         NA      −0.90
  PGSC0003DMP400016825   Kunitz-type protease inhibitor                 −1.21                         NA      −1.20
  PGSC0003DMP400002269   Leucine-rich repeat protein                    −0.62                         NA      NA
  Q2MIB4                 ATP synthase subunit b                         −0.64                         NA      NA
  Q9SKI2                 Vacuolar protein                               −0.69                         NA      NA
  PGSC0003DMP400052035   KH domain-containing protein                   −0.72                         NA      NA
  PGSC0003DMP400032499   Multicopper oxidase                            −0.80                         NA      NA
  PGSC0003DMP400029544   Serine-threonine protein kinase                −0.82                         NA      NA
  PGSC0003DMP400037531   Small nuclear ribonucleoprotein                −0.87                         NA      NA
  Q38M62                 Uncharacterized protein                        −0.87                         NA      NA
  PGSC0003DMP400036013   Nucleic acid binding protein                   −1.01                         NA      NA
  PGSC0003DMP400020414   Glyceraldehyde-3-phosphate de                  −1.13                         NA      NA
  PGSC0003DMP400011041   Leucine-rich repeat family protein             −1.23                         NA      NA
  C0Z2D8                 AT1G20440 protein                              −1.38                         NA      NA
  PGSC0003DMP400004729   NMDA protein                                   −1.68                         NA      NA
  PGSC0003DMP400006728   Lysine-specific histone demethylase            −2.00                         NA      NA
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###### 

Proteins from two ETI interactions with increased abundance (ETI-IpiO and ETI-Avr2), 18 hpi (hours post infiltration). A comparison was made between the immune-treated plants and the control plants infiltrated with medium only. All values are in log2 fold. Non-significant *p* values are indicated by NA. All *p*-values \< 0.01 are shown in the table.

  Protein ID             Protein Name                                               Degree of Regulation (log2)   
  ---------------------- ---------------------------------------------------------- ----------------------------- ------
  PGSC0003DMP400024366   P-rich protein EIG-I30                                     4.45                          5.3
  PGSC0003DMP400015464   Chlorophyll a/b binding protein                            6.24                          5.03
  PGSC0003DMP400007091   Acetylglutamate kinase                                     2.8                           3.76
  Q40430                 PSI-H                                                      3.07                          3.35
  Q7M1K8                 Chlorophyll a-b binding protein                            3.01                          3.18
  PGSC0003DMP400029632   ATP synthase delta chain                                   2.49                          2.69
  PGSC0003DMP400002845   Catalase isozyme 2                                         1.95                          2.21
  P06183                 Photosystem II 10 kDa polypeptide                          2.16                          2.2
  Q9SR73                 40S ribosomal protein S28-1                                2.14                          2.16
  P14278                 Chlorophyll a-b binding protein 4                          2.06                          2.14
  Q9S7N7                 PS I reaction center subunit V                             2.19                          2.12
  Q3S492                 Proteinase inhibitor I                                     1.97                          1.8
  Q2MIA5                 Photosystem II D2 protein                                  1.75                          1.78
  PGSC0003DMP400022826   MRNA binding protein                                       1.62                          1.54
  PGSC0003DMP400013603   Translation initiation factor IF-1                         1.25                          1.51
  Q70PN9                 Putative PSI-D subunit                                     1.49                          1.42
  PGSC0003DMP400034978   PS I reaction center subunit IV isoform                    1.36                          1.34
  B8XLF1                 Chlorophyll a-b binding protein                            1.82                          1.32
  PGSC0003DMP400030353   Cytosolic acetoacetyl-coenzyme A thiolase                  1.26                          1.28
  F1KC21                 Photosystem II protein D1                                  1.16                          1.23
  PGSC0003DMP400012170   ATP synthase subunit O                                     1.16                          1.21
  PGSC0003DMP400030249   Chloroplast protease                                       0.99                          1.2
  PGSC0003DMP400048099   Glycolate oxidase                                          1.03                          1.19
  PGSC0003DMP400031997   Photosystem II 11 kDa protein                              1.04                          1.19
  P25079                 Ribulose bisphosphate carboxylase large chain              0.95                          1.13
  PGSC0003DMP400030421   Heterogeneous nuclear ribonucleoprotein A1                 1.37                          1.11
  PGSC0003DMP400025599   Conserved gene of unknown function                         0.95                          1.05
  Q2MIA8                 DNA-directed RNA polymerase beta                           0.99                          0.98
  Q69GY7                 Cytochrome b6-f iron-sulfur subunit                        0.97                          0.92
  PGSC0003DMP400052418   Gamma-glutamyl transferase                                 1.15                          0.9
  PGSC0003DMP400017746   Oxygen-evolving enhancer protein 1                         0.97                          0.89
  Q9S841                 Oxygen-evolving enhancer protein 1-2                       0.96                          0.88
  PGSC0003DMP400029964   Heterogeneous nuclear ribonucleoprotein 27C                0.61                          0.79
  P50433                 Serine hydroxymethyltransferase                            0.62                          0.74
  P93566                 Oxygen-evolving enhancer protein 2                         0.85                          0.73
  PGSC0003DMP400021624   PRPL11                                                     0.87                          0.72
  Q00321                 Chlorophyll a-b binding protein                            0.83                          0.72
  PGSC0003DMP400046718   NAD dependent epimerase                                    0.75                          0.58
  Q2MI64                 50S ribosomal protein L14                                  0.82                          0.58
  Q38HV4                 Fructose-bisphosphate aldolase                             1.91                          NA
  PGSC0003DMP400038572   Fructose-bisphosphate aldolase                             1.69                          NA
  PGSC0003DMP400003396   Non-specific lipid-transfer protein 1                      1.57                          NA
  C9EFD1                 Chloroplast ribosomal protein                              1.24                          NA
  A0MWB6                 Transcriptional coactivator multiprotein bridging factor   1.09                          NA
  PGSC0003DMP400041249   EMB2394                                                    0.95                          NA
  PGSC0003DMP400025698   High mobility group protein                                0.87                          NA
  P26320                 Oxygen-evolving enhancer protein 1                         0.78                          NA
  PGSC0003DMP400007506   Photosystem Q                                              0.7                           NA
  C5MR70                 Chloroplast manganese stabilizing protein-II               0.45                          NA
  B0ZTE3                 Starch synthase                                            NA                            4.41
  PGSC0003DMP400037406   21kD protein                                               NA                            1.90
  PGSC0003DMP400015440   Ferritin                                                   NA                            1.90
  Q6RFS8                 Catalase                                                   NA                            1.42
  PGSC0003DMP400048120   Photosystem I subunit XI                                   NA                            1.38
  Q5NE20                 Carbonic anhydrase                                         NA                            1.36
  P26575                 Rubisco small chain 2A                                     NA                            1.31
  Q308A9                 Ferritin                                                   NA                            1.28
  PGSC0003DMP400015694   Heat shock protein 70                                      NA                            1.20
  Q8RXK6                 DEAD-box RNA helicase 8                                    NA                            1.11
  PGSC0003DMP400006368   Ferredoxin\--NADP reductase                                NA                            1.10
  Q2PYW5                 Catalase                                                   NA                            0.99
  PGSC0003DMP400025425   Gene of unknown function                                   NA                            0.75
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###### 

Proteins from two ETI interactions with decreased abundance (ETI-IpiO and ETI-Avr2), 18 hpi (hours post infiltration). A comparison is made between immune-treated plants and the control plants infiltrated with medium only. All values are in log2 fold. Non-significant *p* values are indicated by NA. All *p*-values \< 0.01 are shown in the table.

  Protein ID             Protein Name                                                Degree of Regulation (log2)   
  ---------------------- ----------------------------------------------------------- ----------------------------- -------
  E1AXT5                 Apoplastic invertase                                        −0.40                         −0.49
  P49316                 Catalase isozyme 2                                          −0.66                         −0.63
  PGSC0003DMP400032195   SWIb domain-containing protein                              −0.46                         −0.63
  PGSC0003DMP400000868   Actin-11                                                    −0.70                         −0.65
  O49074                 Ribulose bisphosphate carboxylase                           −0.64                         −0.66
  Q5MA02                 Cytochrome c oxidase subunit 2                              −0.91                         −0.66
  PGSC0003DMP400000788   Inner membrane protein PPF-1                                −0.62                         −0.73
  PGSC0003DMP400010545   O-glycosyl hydrolase                                        −0.56                         −0.74
  PGSC0003DMP400046981   Kunitz trypsin inhibitor                                    −0.94                         −0.75
  PGSC0003DMP400025093   ATP-dependent Clp protease                                  −0.66                         −0.75
  PGSC0003DMP400039372   AGO4-2                                                      −0.63                         −0.82
  Q42871                 Endoglucanase                                               −1.64                         −0.82
  PGSC0003DMP400030598   Ribonucleoprotein                                           −0.96                         −0.86
  A0A024J2E4             Putative transcription activator TraR                       −0.90                         −1.22
  PGSC0003DMP400040149   Short chain alcohol dehydrogenase                           −1.23                         −0.92
  PGSC0003DMP400019158   Aspartate aminotransferase                                  −0.79                         −0.93
  PGSC0003DMP400017124   Ferredoxin-dependent glutamate synthase 1                   −1.24                         −0.95
  PGSC0003DMP400018521   Subtilase                                                   −0.97                         −1.04
  PGSC0003DMP400042601   Gene of unknown function                                    −0.66                         −1.04
  D0EJY9                 Molecular chaperone Hsp90-3                                 −1.29                         −1.08
  P32811                 Alpha-glucan phosphorylase                                  −1.47                         −1.10
  Q1EBW2                 Aspartate aminotransferase                                  −0.91                         −1.13
  PGSC0003DMP400018523   Subtilase                                                   −0.84                         −1.13
  PGSC0003DMP400015799   Basic 7S globulin 2 small subunit                           −0.98                         −1.15
  A7LKN1                 TAO1                                                        −1.12                         −1.16
  F4HRC1                 THO complex subunit 5A                                      −0.87                         −1.18
  PGSC0003DMP400068875   Threonyl-tRNA synthetase                                    −1.21                         −1.19
  PGSC0003DMP400039983   Protein SIS1                                                −1.81                         −1.20
  PGSC0003DMP400014905   Polygalacturonase inhibiting protein                        −0.88                         −1.24
  PGSC0003DMP400011487   GTP-binding nuclear protein Ran1                            −1.15                         −1.29
  PGSC0003DMP400007007   P69B protein                                                −1.80                         −1.42
  PGSC0003DMP400033260   Xylem serine proteinase 1                                   −2.19                         −1.59
  PGSC0003DMP400040582   Biotin carboxylase carrier protein                          −1.18                         −1.61
  PGSC0003DMP400032609   Amidase family protein                                      −0.50                         NA
  PGSC0003DMP400044937   Serine carboxypeptidase                                     −0.74                         NA
  PGSC0003DMP400034518   Chitinase                                                   −0.77                         NA
  PGSC0003DMP400013944   Eukaryotic translation initiation factor 4F                 −0.88                         NA
  PGSC0003DMP400046710   Lysyl-tRNA synthetase                                       −0.90                         NA
  PGSC0003DMP400002882   Glycine-rich protein 2                                      −0.90                         NA
  PGSC0003DMP400001015   Class III peroxidase                                        −0.93                         NA
  PGSC0003DMP400012991   Apyrase 3                                                   −0.93                         NA
  PGSC0003DMP400043401   NADPH:protochlorophyllide oxidoreductase                    −1.00                         NA
  F4IFG1                 Dynamin related protein                                     −1.02                         NA
  PGSC0003DMP400056894   P69B protein                                                −1.32                         NA
  PGSC0003DMP400012143   Gene of unknown function                                    −1.39                         NA
  PGSC0003DMP400009992   Beta tubulin                                                −1.43                         NA
  PGSC0003DMP400036604   WPP domain-associated protein                               −1.45                         NA
  PGSC0003DMP400033261   Xylem serine proteinase 1                                   −1.55                         NA
  PGSC0003DMP400032897   Aspartic proteinase nepenthesin-1                           −2.48                         NA
  B9JM45                 6-Phosphogluconate dehydrogenase                            NA                            −1.31
  PGSC0003DMP400020641   CBL-interacting protein kinase 13                           NA                            0.71
  Q8W174                 Peroxidase                                                  NA                            0.70
  PGSC0003DMP400016778   Periplasmic beta-glucosidase                                NA                            0.62
  Q2MI54                 30S ribosomal protein S7                                    NA                            0.62
  PGSC0003DMP400045032   Pectinesterase                                              NA                            0.60
  E2I6L5                 Polyubiquitin                                               NA                            0.59
  PGSC0003DMP400023756   GDSL-lipase protein                                         NA                            0.58
  PGSC0003DMP400009676   Eukaryotic translation initiation factor 2 family protein   NA                            0.58
  PGSC0003DMP400045566   50S ribosomal protein L19-2                                 NA                            0.58
  PGSC0003DMP400064549   Subtilisin-like protease                                    NA                            0.55
  Q3LS00                 Polygalacturonase inhibitor                                 NA                            0.54
  C0Z2Q9                 AT3G13920 protein                                           NA                            0.53
  PGSC0003DMP400014290   AMP dependent CoA ligase                                    NA                            0.53
  PGSC0003DMP400009317   Superoxide dismutase                                        NA                            0.53
  F4JWP8                 Homeobox protein knotted-1-like 3                           NA                            0.53
  Q9LXG7                 Aldose 1-epimerase family protein                           NA                            0.52
  PGSC0003DMP400006170   60S ribosomal protein L7A                                   NA                            0.51
  Q43286                 Histone H2A                                                 NA                            0.50
  PGSC0003DMP400042811   60S ribosomal protein L18                                   NA                            0.41
  PGSC0003DMP400002092   Histone H1F                                                 NA                            0.37
  PGSC0003DMP400011213   Beta-glucosidase 01                                         NA                            0.32
  PGSC0003DMP400042879   Histone H2A.1                                               NA                            0.26
  PGSC0003DMP400034568   Histone H1                                                  NA                            0.07

ijms-20-04726-t005_Table 5

###### 

Examples of methylated peptides identified in the analysis (all methylated peptides are shown in the [supplementary material 1](#app1-ijms-20-04726){ref-type="app"}. Regulation in immunity: whether the protein was identified as regulated in the quantitative analysis. Sequence: The sequence of the modified peptide, underlined is the methylated site. The position and nature of the modified amino acid are indicated by a number. In the cases where a methylated peptide has been identified but the site not determined, this is indicated by NA.

  External Id            Protein Name                                    Regulation in Immunity   Sequence                                  Modification
  ---------------------- ----------------------------------------------- ------------------------ ----------------------------------------- -------------------------
  P50433                 Serine hydroxymethyltransferase                 Up in ETI                YSEGYPGA[R]{.ul}                          Dimethyl(R)
  P25079                 Ribulose bisphosphate carboxylase large chain   Up in ETI                DTDILAAF[R]{.ul}                          Dimethyl(R)
                         DITLGFVDLL[R]{.ul}                              Dimethyl(R)                                                        
  Q2VEH0                 ATP synthase subunit beta                       Up in PTI                [MR]{.ul}INPTTSGSGVSTLEK                  Methyl(R), Oxidation(M)
                         FLSQPFFVAEVFTGSPGKYVGLAETIR                     Dimethyl(R)                                                        
                         FLSQPFFVAEVFTGSPGKYVGLAETIR                     Methyl(K), Methyl(R)                                               
  Q9LEB0                 Pectinesterase                                  Down in PTI              SNTIITGS[R]{.ul}                          Methyl(R)
  PGSC0003DMP400046973   UPF0497 membrane protein                        Up in PTI and ETI        YVNGFVDTIETTGIDTFEEL[R]{.ul}              Dimethyl(R)
  PGSC0003DMP400002077   Histone H3.2                                    NA                       FQSSAVAALQEAAEAYLVGVFEDTNLCAIHA[K]{.ul}   Methyl(K)

[^1]: These authors contributed equally to this work.
